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Role of surgical resection for patientswith recurrent or metastatic gastrointestinal stromal tumors: a

systematic review and meta-analysis

Abstract

Background: The role of surgical resection for patients wilsurrent or metastatic gastrointestinal stromal

tumors is still controversial. This meta-analysims to investigate the clinical outcomes of surgery

combined with tyrosine kinase inhibitors among euats with recurrent or metastatic gastrointestinal

stromal tumors.

Methods: We systematically searched PubMed, EMBASE, theh@ow Library and Wanfangdata without

language restriction. Random effect models wered use estimate pooled hazard ratio and the

corresponding 95% confidence intervals. Subgrowgyars, sensitivity analysis and trim and fill as&

were also performed.

Results: A total of 1416 patient from 9 studies were figadinrolled in this meta-analysis. The summary

results showed that surgery combined with tyroginase inhibitors showed a tendency of a longeraive

survival compared with tyrosine kinase inhibitasatment alone (HR by random-effects model 0.68p 95

Cl1 0.54-0.85, 12 = 44.7 %) and improved progresefsurvival (HR by random-effects model 0.86% ClI,

0.33-0.76, 12= 17.9%). The trim and fill analysisdasensitive analysis indicated the relatively sibresult.

Conclusion: Surgery combined with tyrosine kinase inhibitorertipy is associated with a better overall

survival and progression free survival for patiemith recurrent or metastatic gastrointestinal retab

tumors as compared with TKIs treatment alone.
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1. Introduction

Gastrointestinal stromal tumors (GISTs) which or&de from interstitial cells of Cajal are the most

common mesenchymal neoplasms of the gastrointéstatd.[1] Most GISTs have an activating mutation

in gene encoding KIT or platelet-derived growth téeicreceptor alpha (PDGFRA) receptor tyrosine

kinase;[2,3] therefore tyrosine kinase inhibitofEK[s) such as imatinib mesylate (IM) and sunitinib

malate(SU) are used for GISTs with activated KIT RIDGFRA in vitro. The introduction of TKls

significantly improved clinical outcomes for patiswith the metastatic or recurrent disease.[4—8]eicer,

after an initial benefit from TKIs, many patientgeatually develop disease progression or secondary

resistance on account of acquired mutations in ®l PDGFRA.[3,9,10] Thus various treatment strategie

including the operative therapy combined with TKidssumption of IM, IM dose escalation or treatment

with other targeting agents have been investigadeidhprove the prognosis of patients with recurrent

metastatic GISTs.[5,6,11-14]

Metastatic and recurrent disease were commonly gepatients with GISTs. The benefits of surgery,

once the cornerstone of treatment for patients \attalized GISTs,[15,16] are still in discussiorr fo

patients with recurrent or metastatic gastroint@ststromal tumors. Several retrospective studigeh

demonstrated surgical resection of GISTs combinét WKIs might be beneficial for patients with

recurrent or metastatic GIST,[14,17-25] which magult from the assumption that surgery reduces the

tumor burden and delays the time to the developmisécondary resistance to TKls therapy, contirigut

to a better prognosis.[26,27] On the contrary sameflicting data regarding the role of operation in
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recurrent or metastatic diseases have also beentedpn term of overall survival(OS) or progressicee

survival(PFS).[28-30] Therefore, it is necessarpaoform a systematic and comprehensive meta-dsalys

to reassess the role of surgery combined with TiK[gatients with recurrent or metastatic GISTs.

In the present study, a meta-analysis was condueteldrify the association between survival outesm

and two treatment therapies—TKIs with surgery amdsTtreatment alone in patients with recurrent or

metastatic GISTs and explores potential sourcéet@rogeneity across(derent studies.

2. Methods

2.1 Search Strategy

Two investigators performed a systematic literagegarch in PubMed, EMBASE, Cochrane Library, and

Wanfangdata (last updated on September 27, 201sihg ucombinations of the following terms:

“gastrointestinal stromal tumors”, “GIST”, “GISTs", “surgery”, “recurrence”, “metastasis”,

“metastasectomy”, no language restrictions werdiegbpand conference abstracts were excluded dtheto

insufficient data reported. The reference list va#s checked for relevant studies and all studiesew

carefully evaluated to identify duplicate data.

2.2 Inclusion criteria

The following criteria were used for the study sélen: (1) Participants (P): Patients who were

histologically confirmed with recurrent and/or metttic gastrointestinal stromal tumors accordingh®

histologic examination and CD117, CD34, or PDGFRIsIifvity. (2) Interventions (1) and comparisons



(C): surgical resection plus TKIs versus TKiIs thpgralone. (3) Outcomes: OS or PFS. (4) Study deSgn

Observational cohort studies and randomized cdattadtudies(RCTs). (5): Provided enough information

to estimate hazard ratio (HR) and 95% confidentervials (Cls). Meeting abstracts, letters, casernsp

reviews or nonclinical studies without usable daésie excluded.

2.3 Qualitative assessment and data extraction

The quality of the non-randomized studies was estoh by two investigators using the Newcastle

Ottawa quality assessment scale (NOS),[31] NOSescof> 6 were assigned as high-quality studies and

the risk of bias of randomized controlled trialssvessessed by Cochrane Collaboration’s tool.[32]

Two investigators independently extracted the negliinformation which includes the number of

patients, year of publication, first author, coynfollow-ups and results regarding survival ben@diS and

PFS) from all primary studies, which ensures homedg of data collection.

2.4 Statistical analysis

PRISMA checklist[33] was used as the guidelinethar meta-analysis. Taking the number and timing of

events into consideration, hazard ratios (HRs)usexl to assess time-to-event outcomes and we ebtain

the data directly from the studies or used KaplaeieMsurvival curves to estimate necessary seisti

which is reported by Tierney et al.[34] A HR >1 icated a worse prognosis in patients with metastati

recurrent GISTs. Heterogeneity of the includedgn@as assessed by Cochran Q test and measuréeé by t

12 statistic and interpretation of the 12 valuessvmaade by assigning attributes of low, moderatd,ragh in
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case of 0-25%, 25-50% and above 75%, respecti¥8]yllhe pooled HRs and 95%ClIs were calculated by

random effects DerSimonian—Laird method models.g8up analysis was performed to explore and

explain the diversity (heterogeneity) among theultssof different studies according to study design

sample size, ethnicity, survival analysis, and miedlow-up was used to assess the publication Hias.

analysis of publication bias by Begg’s funnel photd Egger regression was not conducted for themeas

that the number of enrolled studies was less tlear{36—-38] Trim-and-fill analysis was conducted to

explore the potential of publication bias from studies.[39] STATA version 14.0 (STATA, College t&ta,

TX) was used to analyse the relevant statics. Tdtesgcal tests were two-sided, and P valuestleams 0.05

were considered statistically significant.

3. Results

3.1 Study selection and characteristics

A total of 5634 articles were identified with theasch strategy designed and conducted by a medical

librarian from various databases including PUbMERIBASE, Cochrane Library, Wanfangdata, of which

4594 were considered potentially relevant artielfter excluding duplicate articles and screenirgtithes

and abstracts. A further 4563 records were exclddedot relevant studies, reviews, conferencerabst

etc. After assessing the remaining 31 articlesuliytéxt review, 22 articles were excluded; of the8 were

excluded due to the insufficient reported datatfier estimation of HR, 3 was excluded for duplicdeta,

and 11 were excluded due to the shortage of TKkyrafpy alone group. Finally, a total of 9

studies[17,19,21,22,28,30,40-42] were includedhia meta-analysis. Literatures screening process wa



shown in Figure 1.

The characteristics of included studies are shawmable 1, of which eight studies were conducted in

Asia, one in Spain. The outcomes were OS in 9 studnd PFS in 3 studies. The recurrent or metastati

GISTs reported in 2 studies were all relapses aftegery.

The scores of observational cohorts assessed byaéte-Ottawa quality assessment scale were all

above 6, indicating high value indicating eligilbhethodology.

3.2 Overall survival

All Nine studies including 1416 GIST patients asselsOS. Surgery combined with TKIs showed a

tendency of a longer OS compared with TKIs treatnadome (HR by random-effects model 0.68, 95% CI

0.54-0.85, 12 = 44.7 %, Figure 2). Subgroup anaysestudy design (RCT, observational studies)rasssu

the role of surgery combined with TKIs in the olvsgional studies (HR by random-effects model 098P

Cl1 0.43-0.87; 12 = 48.9 %) and get a statisticalbn-significant trend to better survival as compangth

TKIs treatment alone. from two small sample RCTR (b¥ random-effects model 0.75, 95% CI 0.53-1.04;

12 = 47.7 %). Subgroup analyses were also conduttiedxplore the source of heterogeneity. When

stratified by sample size>{00 and <100), we got statistical significance frowth groups. Besides,

subgroup analysis was also performed by clasdificadf recurrent or metastatic GISTs, ethnicity,ame

follow-up and survival analysis(Table 2). Senstitivanalysis indicated that the study by Park, &t &l.[40]

contributed most to the variability among all segjipooled HR, however, did not vary substantiaftgr

omitting each of the nine studies, confirming tteb8gity of present results. (Figure 3)



3.3 Progression-free survival

Three studies[17,19,40] presented the data of Rfé® ¢an be pooled for the meta-analysis. A

random-effects model was used for estimating tregubHRs for PFS. Our results revealed that surgery

combined with TKIls indicated a better PFS (HR 0.8%% ClI, 0.33-0. 76, p < 0.05, 12 =17.9%, p = 0,296

Figure 4).

3.4 Publication bias

The result of trim and fill analysis suggested thattrimming was performed and the unchanged data

indicated the stability of our results. (SupplenaentMaterial)

4. Discussion

Over the last decade, the outcomes for patients @ST have dramatically improved since introductio

of TKIs which allow most patients to lead a norrif@l for an extended period and prolong diseasdrofbn

complete surgical resection followed by adjuvantl Tierapy also plays an important role in the séadd

management for patients with primary GIST.[43] e fTKIs era, however, the role of surgery combined

with TKls in metastatic or recurrent GIST is not gstablished and the past few years have seenirgyow

much debate on surgical resection combined with. TiKerefore, we performed a systematic meta-arslysi

on this treatment’s effect on the prognosis ofglaents with metastatic or recurrent GIST.

As far as we know, the present study is the firstaranalysis of the association between prognosls a

surgical resection combined with TKIs. Until a largample RCT is done, the findings from this



meta-analysis are the best evidence available.

This meta-analysis included nine studies with 1&18T patients of which 351 were surgically treated.

This study provided relatively robust evidence destrating that surgery combined with TKls therampsw

associated with improved outcomes as compared THils treatment alone in terms of OS and PFS in

patients with metastatic or recurrent GISTs. Thelgw results from this meta-analysis confirmed that

benefit of OS for surgery combined with TKIls. Ireteubgroup of observational studies surgery indicat

an improved OS, however subgroup analysis revahbgdhere was no significantderence of OS in the

RCT group. The results were not substantially aéfgdy subgroup analysis. Moreover, omission of @ny

the articles did not alter the magnitude of pootdzberved effect and no trimming of data has been

performed by trim-and-fill analysis suggesting #igbof our findings. The pooled results from this

meta-analysis also confirmed that surgery therapyccsignificantly impact PFS.

Studies suggested that whether patients respoodedis at the time of surgery was associated with t

outcomes. Previous studies demonstrated that tm®rtuesponsive to imatinib before resection was

strongly correlated with improved OS or PFS.[12804-47]. The benefits of metastasectomy for

progressive tumor after TKls therapy are still iscdission. Several studies found that patients uvit®rgo

surgery for the focal progressive disease havendelil benefit.[14][46] Some reports, however, shdwe

that surgery improved the outcomes of patients faitlally progressive GISTs resistant to TKIs.[17,48

Based on the results of this meta-analysis, surgemybined with TKIs therapy is proved to beextive

for patients with recurrent or metastatic GISTserEfiore, we suggest that surgical resection and Tl

combined for patients with metastatic or recur®isTs, and the final decision should be carefulbde

by the experienced multi-disciplinary team (MDTXkitey into account of potential possible risks and
8



benefits to personalize treatment therapy to ensaamum benefits.

Some limitations in our meta-analysis should besmwered carefully. First, the total sample sizeas

very large, and several studies did not providéicgent long-term follow-up time. Second, that orilyo

small sample sizes RCTs were included in our meédyais may not be powerful enough to investighee t

outcomes of the treatments, though the pooled teesiilthe two RCTs also showed a trend to better

survival as compared with TKIs treatment alone.rdhheterogeneity is a major issue that may affeet

interpretation of the results of the meta-analy3ts.address the issue of heterogeneity in OS, sulpgr

analyses were conducted. However, rnoeet modifier of heterogeneity was found. Fourtht tbe

limitation of meta-analysis of aggregate data fisiodies rather than individual patient data, it \difcult

for us to extract, calculate and compare survivetbdn the subgroups by supposed predictors such as

extent of tumor response to TKls(partial respoésgase progression, and stable disease), maajirs st

and metastatic organs. Bauer, S., et al.[49] redatthat metastasis limited to the liver is assediatith

positive outcomes of surgical interventions comgavéh peritoneum and other sites of tumor involesin

However, several studies reported that resecteahsrdid not show statistical difference regardif Pr

OS. As for resection margin, some reports[17,199gsested margin-negative resection was strongly

associated with improved PFS and the OS of patieiits metastatic GISTs,[20,30,49] on the other hand

Rubio-Casadevall, J. et al. reported that RO resegtas associated with a worse PFS compared with R

and R2 resection.[19]

In conclusion, the findings of this meta-analysiggest that surgery combined with TKls therapy is

associated with a better OS and PFS for patierttsr@Current or metastatic gastrointestinal stratmalors

as compared with TKIs treatment alone. This astiodaeeds to be confirmed by more studies, eslhecia
9



RCTs with larger sample sizes.
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Figurelegends

Figure 1. Flow chart of the study selection.

Figure 2. Meta-analysis and stratified analysis of hazatibs of surgery combined with TKIs for overall

survival (OS).

HR= hazard ratio, Cl=confidence interval, 12 = thercentage of total variation across studies thatlie to

heterogeneity rather than change, RCT= randomiasettalled trial.

Figure 3. Sensitivity analysis. Cl=confidence interval.

Figure 4. Meta-analysis and stratified analysis of hazaatios of surgery combined with TKls for

progression free survival (PFS).

HR= hazard ratio, Cl=confidence interval, 12 = thercentage of total variation across studies tbatlie to

heterogeneity rather than change.
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Table 1 Characteristics of studiesincluded in meta-analysis of role of surgery for patientswith recurrent or metastatic gastrointestinal stromal tumors.

Study Year

Sato, S. 2017

Hsu,J. T. 2017
Shi, Y. N. 2017

Gao, X. 2016

Rubio-Casa 2015
devall

Park, S. J. 2014

Du,C.Y. 2014

An,H.J. 2013

Region

Japan

Taiwan
China

China
Spain

Korea

China

Korea

Ethnicity

Asian

Asian

Asian

Asian

Caucasian

Asian

Asian

Asian

Study type

Observational

Observational

Observational

Observational

Observational

Observational

RCT

Observational

Follow-up  Outcomes

(median,

range)
75.2, 56.1- OS
90.5
NR oS
48.2,1-139 OS
26,8-104 OS, PFS
56.6 0S, PFS
58.9,15.4- OS, PFS
129.1
NR 0s
44.0,2.7- OS
120.1

Classification of
recurrent or
metastatic GISTs

Recurrence or
metastasis after surger

NR

Initially diagnosed
metastatic GIST;
Recurrence or
metastasis after surger
NR

NR

NR

Initially diagnosed
metastatic GIST;
Recurrence or
metastasis after surger
Initially diagnosed
metastatic GIST;
Recurrence or

Total

93

521
121

57
171

134

249

Controls

Samplesize
Treated

50 43
98 423
23 98
38 19
27 144
42 92
19 22
35 214

Median age
Treated Controls
62.6 71
55.89 58.42
NR NR
53 61
58.28 60.8
51 58
49 56
47 58




metastasis after surger
Xia, L. 2010 China  Asian RCT NR (O Recurrence or
metastasis after surger

39

19

20

53

55

RCT= randomized controlled trial. OS= overall sualj PFS= progression-free survivillR=not reported



Table 2 Summary of meta-analysis results for role fosurgery for patients with
recurrent or metastatic gastrointestinal stromal tumors.

All studies
Studies design
RCT

Observational studies

Sample size
n >100

n <100
Ethnicity
Asian
Caucasian

Survival analysis

Cox regression
Kaplan—Meier
Mean follow-up
Reported

Not reported

Classification of recurrent or metastatic GISTs

Number of Pooled estimated

Tests of heterogeneity

studies
HR

9 0.68
2 0.75
7 0.61
5 0.68
4 0.63
8 0.71
1 0.47
4 0.46
5 0.79
6 0.54
3 0.81

Not all relapses after 3 0.83
surgery
Relapses after surgery 2 0.58

Not reported

4 0.46

95% Cl 12 (%)
0.54,0.85 47.7

0.53,1.04 47.7
0.43, 0.87 48.9

0.46, 0.99 49.6
0.43,0.92 53.9

0.56,0.89 42.9
0.24,0.91 -

0.23,0.93 72.4
0.69,092 0

0.37,0.81 37.2
0.70,0.94 6.7

0.71,096 0

0.38,0.89 0
0.23,0.89 72.4

P value
0.070

0.167
0.068

0.094
0.089

0.070

0.012

0.605

0.158
0.342

0.834

0.886
0.012

HR= hazard ratio, Cl=confidence interval, |12 = {fercentage of total variation across studies that i

due to heterogeneity rather than change, RCT= raizdal controlled trial.



5634records identified through
database searching

(PubMed: 1861; Embase: 3488;

Cochrane:36; Wanfangdata:246)

A 4

4594 records after
duplicates removed

A 4

31 records screened for full-
text review

A\ 4

1040 duplicates excluded

A 4

9 studies included in meta-analysis

A 4

Y

4563 records excluded for not
relevant studies, reviews, conference
abstract, etc.

22Articles excluded:

8 Articles without available data
3 Duplicate Data

11 No TKIs therapy alone group




Study

Observational study

Rubio-Casadevall 2015 —+—:—

Hsu, J. T. 2017 —

Park, S. J. 2014 *> :

Sato, S. 2017 _..i_

Gao, X. 2016 —_—

An, H.J. 2013 —;——

Shi, Y. N. 2017 —_——

Subtotal (I-squared = 48.9%, p = 0.068)

Randomized controlled trial

Xia, L. 2010

Du, C.Y. 2014

Subtotal (I-squared = 47.7%, p = 0.167)

Overall (I-squared = 44.7%, p = 0.070)

NOTE: Weights are from random effects analysis

HR (95% Cl)

0.47 (0.24, 0.90)
0.87 (0.65, 1.17)
0.18 (0.05, 0.68)
0.61(0.28, 1.32)
0.30 (0.12, 0.76)
0.73 (0.42, 1.26)
0.96 (0.47, 2.00)
0.61(0.43, 0.87)

0.57 (0.34, 0.95)
0.83(0.71, 0.98)
0.75 (0.53, 1.04)

0.68 (0.54, 0.85)

%

Weight

8.45
20.24
272
6.64
5.01
10.90
7.38
61.34

12.03
26.63

38.66

100.00

T
A




ACCEPTED MANUSCRIPT

Meta—analysis estimates, given named study is omitted
| Lower CI Limit O Estimate | Upper CI Limit

|
-0.79 -0.61 -0.38 -0.15-0.10



ACCEPTED MANUSCRIPT

Study %
D HR (95% ClI) Weight
1
i
1
Rubio-Casadevall 2015 ! * 0.73 (0.40, 1.35) 37.76
1
1
i
1
Park 2014 * i 0.43 (0.19, 0.97) 23.13
1
i
1
Gao 2016 T 0.38 (0.21, 0.69) 39.11
1
Overall (I-squared = 17.9%, p = 0.296) 0.50 (0.33, 0.76) 100.00
1
1
1
:
1
NOTE: Weights are from random effects analysis H
1
T * T

19 ! 5.26



Highlights
1. Gastrointestinal stromal tumors sometimes present as an advanced disease (including metastatic
GISTs, local recurrence after initial resection, and combination of metastasis and recurrence).
2. Surgery combined with TKIs therapy is associated with a better overall survival and progression
free survival compared with TKIs treatment alone for patients with recurrent or metastatic
gastrointestinal stromal tumors.
3. The results need to be confirmed by more studies, especially RCTs with larger sample sizes.
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